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Abstract
Behaviors of liquid films scattering from a disk-type or cup-type rotary atomizer are studied using computations based
on the three-dimensional Smoothed Particle Hydrodynamics (SPH) method. To reduce computational costs while
maintaining a high spatial resolution, the computational domain is limited to a fan-shaped region near the edge of the
atomizers using a periodic boundary condition in the circumferential direction. Steady inflow is considered as the inlet
condition. In both disk- and cup-type cases, the liquid film leaving the atomizer edge becomes wavy in the circumferential
direction and forms elongated ligaments, which break up into droplets. When the atomizer is equipped with grooves on
its outer edge, the process of ligament formation and droplet break up is strongly affected by the number and shape of
the grooves, particularly for the cup-type atomizer, in which the centrifugal force works more effectively. Two ligament
formation patterns are observed: one ligament from each groove and a pairing of ligaments from two neighboring grooves.
Droplets of uniform sizes are likely to be generated when the former pattern appears. The results suggest that droplets of
uniform sizes can be obtained by choosing the appropriate shape and number of grooves.
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Fig. 1 Flow chart of computation.
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Fig. 2 Computational domains for disk and cup atomizers. Computations are limited within the fan-shaped
hatched regions near the edge of atomizers, r∈ [34.5, 54.5] and z∈ [-1, 1.7].
Table 1 Computational conditions.
Working fluid Water (20◦C)
Kinematic viscosity, ν = µ/ρ 1.0 × 10−6 m2/s
Surface tension coefficient, σ 72.75 × 10−3N/m
Number of revolution, 60ω/2pi 5,000rpm
Inflow volume, Q 300ml/min
z-direction liquid film thickness at the inlet, δ 20.0µm (disk) / 21.2µm (cup)
Particle diameter, h 5µm
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Fig. 3 Comparison of water scattering behaviors at t = 12ms for Ndiv = (a) 60 and (b) 180. In narrow domains,
degree of freedom in the selection of number of ligaments is suppressed because of periodic boundary
condition.
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Fig. 4 Time-averaged number of ligaments Nlig versus domain-division number Ndiv. The error bars denote
standard deviations. Dispersion of ligament numbers is reduced in a wide domain of small division number.
Table 2 Ratio of circumferential domain length at disk edge and mean pitch of ligaments.
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Fig. 5 Schematic views of rotary atomizers with grooves of Ngrv = 300.
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Fig. 6 Water scattering behaviors at t = 12 ms for rotary cup atomizer. Droplets are generated at tips of radially
elongated ligaments as well as disk atomizer.
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Fig. 7 Radial variations of liquid film thickness over smooth disk and cup atomizers, Ngrv = 0. Solid and dashed
lines indicate the theoretical value. Liquid pool near the edge is the pinning effect deriving from wetting.
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Fig. 8 Probability functions of droplet diameters for smooth disk and cup atomizers, Ngrv = 0. Dispersions of
droplet sizes are reduced in cup atomizer.
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Fig. 9 Closeup view around the edge of grooved disks of groove numbers Ngrv = (a) 180 and (b) 600 cases at t =
12ms (w = 147 µm, d = 50 µm). Yellow triangles show the groove locations. Red circle indicates where
pairing of ligaments from two neighboring grooves is observed.
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Fig. 10 Probability functions of droplet diameters for smooth disk and grooved disks of groove numbers Ngrv =
180 and 600 cases (w = 147 µm, d = 50 µm).
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Fig. 11 Closeup view around the edge of grooved disks of w = (a) 110 and (b) 220 µm cases at t = 12 ms (d = 50
µm). More pairings of neighboring ligaments are observed in narrower groove width case.
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Fig. 12 Probability functions of droplet diameters for grooved disks of w = 110, 147, 220 µm and smooth disk (d
= 50 µm). Relatively large droplets are generated from the disk of narrow groove width, w = 110 µm.
Table 3 Comparison of statistical properties of droplets for rotary disk atomizers with different groove shapes of Ngrv = 600.
Rotary disk atomizer Pairing ratio Mean diameter [µm]
Smooth disk NA (377) 143.7
110 240/386 143.9
Groove depth, w [µm] (d = 50µm) 147 60/552 130.3
220 120/480 133.9
25 -/381 143.4
Groove width, d [µm] (w = 147µm) 50 60/552 130.3
75 0/600 129.1
?????????
??????????????????? 600??????????????????????????? 3
??????????????????????????????????????????????????
??????????????? d = 25 µm??????????????????????????????
??????????????????????????????????????????????????
(a) d = 25 µm (b) d = 75 µm
Fig. 13 Closeup views around the edges of grooved disks of d = (a) 25 and (b) 75 µm cases at t = 12 ms (w = 147
µm). The shallow grooves show almost no influence on ligament formation.
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Fig. 14 Probability functions of droplet diameters for grooved disks of groove depths d = 25, 50, 75 µm and
smooth disk (w = 147 µm). Droplets of uniform size are likely to be generated for deep grooves.
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Fig. 15 Probability functions of droplet diameters for grooved cups of, Ngrv = 180, 600 and smooth cup (w = 147
µm, d = 50 µm). Size distribution of droplets varies with groove numbers. Cup type produces droplets of
more uniform sizes.
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Fig. 16 Closeup view around the edge of grooved cups for w = (a) 110 and (b) 220 µm cases at t = 12 ms (d = 50
µm). Ligaments are regularly formed at the grooves, irrespective of groove widths.
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Fig. 17 Probability functions of droplet diameters for grooved cups of w = 110, 147, 220 µm and smooth cup (d =
50 µm). No remarkable differences are found depending on groove widths.
Table 4 Comparison of statistical properties of droplets for rotary cup atomizers with different groove shapes of Ngrv = 600.
Rotary cup atomizer Pairing ratio Mean diameter [µm]
Smooth disk NA (371) 136.1
110 0/600 122.1
Groove depth, w [µm] (d = 50µm) 147 0/600 125.3
220 0/600 124.2
25 -/429 131.0
Groove width, d [µm] (w = 147µm) 50 0/600 125.3
75 0/600 119.7
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Fig. 18 Closeup view around the edge of grooved cups of depths d = (a) 25, (b) 50 and (c) 75 µm cases at t = 12 ms
(w = 147 µm). Liquid particles are displayed translucently to make groove locations visible. Ligaments
are generated regardless of the groove locations when the grooves are shallow. Paring of neighboring
ligaments cannot be observed.
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Fig. 19 Probability functions of droplet diameters for grooved cups of d = 25, 50, 75 µm and smooth cup (w =
147 µm). Size dispersions of droplets are smaller for deeper grooves.
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